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The risk of sodded card igb in patients with 
c~~~~~~y artery disease wit 
tricular ectopic beats (II 1. ing ~x~~r~~~~~~~ studies (2). it 
has been shown that ventr ar arrhythmias can be induced 
by myocardial ischemia, In contrast, during the patient’s 
daily activities, the role of myocardia~ ischemia as a trigger 
for ventricular arrhythmias rem s unclear G-5). although 
the detcctjoa of episodes of bo yocard~~ ~schemia and 
arrhythmias has become possible by ambulatory electrocar- 
diographic (ECG) monitoring. Therefore, the aim of the 
present study was to analyze the correlation between epi- 
sodes of transient myoc ischemia and ventricular ar- 
rhythm~as in ambu~tory ts with stable aa~i~ actors 
and a~~jo~ra~hical~y p 
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St 8s. ~iaety-sevc~ consecutive patients (86 
men, 1, mean age 56 t 12 years ~~a~~~ 31 to 72), 
were included in this prospective study. The following 
selection criteria had IO be fuirlfilled: 1) chronic stable angina 
pectoris for r3 months: 2) exercise stress testily, if possible 
~x~rna~ ~accordin~ to age and gender), with at least 0. B rn~ 
horizoata~ or ~owns~o~i~~ ST se~rne~t depression; 3) Anglo- 
graphic evidence of a >70% stenosis in at leas! one major 
coronary artery of a >.50% stenosis of the left main coronary 
artery: 4) normal ST segments in the ECG at rest (12 
and patients with left ven- 
yopathy, rbeum~t~c valve 
disease. previous aortocoroaary 
ovary an~~o~~~sty or co~d~ctjoa 
cluded. 
Thirty-two patients (33%) had suffered from a previous 
myocardial infarction >3 months before the study: 16 pa- 
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tients had an anterior, 5 had a lateral and 15 had an inferior 
myoc~dial infarction. Patients with myocardial infarction 
within the preceding 3 months of this investigation were not 
included. Informed consent for participation i the study 
was obtained from all patients, and in all patients, cardiac 
catheterization a d exercise testing were performed for 
clinical reasons. 
Car&e catheterization. All 97 patients underwent right 
and left heart catheterization and coronary and left ventric- 
ular angiography. The severity of coronary artery lesions 
was estimated from several standard and half-axial projec- 
tions. A stenosis with a reduction of 170% in lumen diam- 
eter (or of ~50% for stenosis of the left main coronary 
artery) was considered clinically relevant. By this definition, 
32 patients (34%) had single vessel disease, 35 (36%) had 
double vessel disease and 24 (25%) had triple vessel disease; 
in addition, a significant s enosis of the left main coronary 
artery was present in 6 patients (6%). Left ventricular 
ejection fraction was calculated from end-diastolic and end- 
systolic volumes of tine frames obtained in a 30” right 
anterior oblique projection and averaged 61 f 10% (range 
36% to 80%). To evaluate infarct size, the left ventricle was 
divided into 11 segments (6 in the right and 5 in the left 
anterior oblique projection). Twelve patients (12%) showed 
one akinetic segment, 5 (5%) had two akinetic segments, 8 
(8%) had three akinetic segments and 7 (7%) had four or 
more akinetic segments; in 65 patients (67%) ventricular wall 
motion abnormalities were absent. 
Exercise testing. A maximal exercise stress test in the 
upright position (bicycle rgometry) was performed before 
ambulatory ECG monitoring. End points of the test were 
maximal work load by age and gender (modified Bruce 
protocol), ST segment depression of 20.2 mV in two or 
more chest or limb leads with or without angina pectoris, 
decrease in systolic blood pressure >30 mm Hg or more than 
two consecutive premature ventricular complexes. The ex- 
ercise test was considered to be abnormal inthe presence of
20. I mV horizontal or downsloping ST segment depression 
in at least two leads of the 12 lead standard ECG. 
Ambulatory ECG monitoring. Ambulatory monitoring of
the ECG was performed using a two-channel, direct- 
recording system (Tracker, Reynolds Medical). The bipolar 
electr&es were positioned at the upper ight sternal border 
(reference lectrodes) and precordially (exploring elec- 
trodes) in the CM, and CMs positions. The site of the 
exploring electrodes was occasionally modified to imitate the 
lead with the strongest ST segment deviation during the 
exercise t st. Stability of the ST segment was confirmed with 
the patient in the supine, upright and left and right lateral 
Positions. The tapes were analyzed at 60 times real speed 
with the Pathfinder III (Reynolds Medical). In addition to the 
computerized analysis, the tapes were scanned visually and 
Printouts were made at 25 mm/s paper speed from all definite 
and questionable episodes of ST deviation. Episodes were 
classified as ischemic in the presence of 20.1 mV ST 
segment deviation 80 ms after the J point, lasting for 2 
and separated by 260 s from another ischemic episode. 
Arrhythmias were classified as isolated premature wen- 
tricular beats and complex arrhythmias. They were consid- 
ered complex when couplets (2 consecutive premature 
beats), salvos (3 to 6 consecutive premature beats) or 
episodes of ventricular tachycardia (>6 consecutive prema- 
ture beats) were present. Ventricular rhythmia was defined 
as ischemia related when it occurred uring or in the interval 
of 5 min immediately after an iscbemic episode. When 
arrhythmia occurred 15 min before the ischemic episode, it
was also called ischemia related. Arrhythmia occurring >5 
min before or after the ischemic episode was classified as not 
ischemia related. 
During ambulatory ECG monitoring the patients were 
asked to write a detailed protocol concerning their activities 
and the occurrence of angina1 symptoms. All patients were 
outpatients and were unrestricted in physical activities. 
Forty-five patients (46%) underwent ambulatory ECG mon- 
itoring for 1 day, 21 (22%) for 2 days and 31 (32%) for 3 
consecutive days. Twenty-eight (29%) of the 97 patients 
received anti-ischemic drug therapy (calcium channel block- 
ers or long-acting itrates, or both) during the study; none of 
the patients were treated with a beta-receptor blocking 
agent. 
Statistics. Data are presented as mean values -c 1 SD. 
Unpaired t tests were used to determine differences between 
the groups with and without ischemia-related ventricular 
arrhythmias. A p value CO.05 was considered significant. 
Comparison of patien 
arrhythmias. In the 97 patients, a total of 573 ischemic 
episodes with significant ST segment depression (I 18 symp- 
tomatic [21%] and 455 asymptomatic [79%]) were observed; 
there were no episodes with ST segment elevation. Twenty- 
seven (5%) of the 573 ischemic episodes were classified as 
related to ventricular rhythmias (>5 premature v ntricular 
complexeslmin, couplets, bigeminy or salvos). These 27 
episodes of ischemia-related arrhythmias were found in a 
subgroup of 10 patients (10%) (group A); 87 patients (90%) 
(group B) showed exclusively ischemic episodes without 
ventricular rhythmias (Fig. I). 
Comparison of group A and group B patients showed no 
significant differences in demographic and exercise testing 
data Vable I). Coronary angiography and ventriculography 
also revealed comparable results in both groups (Table 2). 
Most of the patients in this study had normal or nearly 
normal left ventricular function. In only three patients (3%), 
left ventricular ejection fraction was <40%; these three 
patients had a prior myocardial infarction and were in group 
B. All variables measured during ambulatory ECG monitor- 
ventricular arrhythmia. In group 
ischemic episodes occurred wi 
arrhythmia. 
rence was not s 
couplets in 12 episodes (44%), bigeminy in 19 episodes (7Q%l 
and frequent ature tricular @exes in all 27 
ischemic epis Ventr ar arrhy ias occurring 15 
min before or after the ischemic episodes, which were also 
considered ischemia related, were as follows: one couplet 
Table B. Comparison of Patients With (group A) and Without 
(group B) Ventricular Arrhythmias Related to Ischemic Episodes: 
Demographic and Exercise Testing Data 
Group A Group B 
(n = IO) (n = 87) 
% male 90% 89% 
Age tyr) 55 f 5 57 + 9 
No. of patients receiving anti-ischemic 3 (30%) 25 (29%) 
therapy 
Previous myocardial infarction 4 (40%) 28 (37%) 
Site of myocardial infarction 
Anterior 3 (30%) 13 (15%) 
Lateral 0 (0%) 5 (6%) 
Inferior I (10%) IO (16%) 
Exercise testing 
Heart rate at onset of ST depression 103 + I3 II2 ?r I5 
(beatslmin) 
Exercise duration at onsel of ST 4.6 1 2.3 4.7 lr I.9 
depression (min) 
Maximal exercise duration (min) 6.5 ? 2.1 7.0 2 2.0 
Maximal ST depression (mV) 0.24 + 0.09 0.23 ? 0.1 
Maximal rate-pressure product 20.5 ? 5.2 23.1 + 4.8 
(mm Hg/s X IO? 
Patients with angina during exercise 9 (90%‘0) 74 (85%) 
lesling 
p values were not significant between group A and group B for all 
variables. 
tricular salvos occurre 
ature 
Table 2. Comparison of Patients With (group A) and Without 
1 Ventricular Arrhythmias Related to Ischemic Episodes: 
Coronary Angiography and Ventriculography 
Group A Group B 
(n = IO) (n = 87) 
Coronary angiography 
No. of stenotic coronary vessels 
I 4 (4ffY) 28 (32%) 
2 3 (30%) 32 (37%) 
3 2 (20%) 22 (25%) 
LMCA I (10%) 5 (6%) 
LAD involvement 9 (90%) 56 (64%) 
Venh-iculography 
Left ventricular ejection fraction (%) 64+i 61 2 10 
No. of patients with ejection fraction ~40% 0 (0%) 3 (3%) 
No. of abnormal wall segments 
0 6 (60%) 59 (69%) 
I 2 (2070) lO(ll%~ 
2 I (IO%) 4 (5%) 
3 0 (0%) 8 (9%) 
24 I (10%) 6 (7%) 
p values were not significantly different between group A and group B for 
all variables. LAD = left anterior descending coronary artery: LMCA = left 
main coronary arlery. 
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Table 3. Comparison of Patients With (group A) and Withqut 
tgroup B) Ventricular Arrhythmias Related to Ischemic Episodes: 
Ambulatory Monitoring of ST Segment Changes and of 
Ventricular Arrhythmias 
Group A &our, B 
(n = 10) (n = 87) 
Ambulatory monitoring 
(ST segment changes) 
Recording period (days) 1.7 f 0.7 1.9 f 0.9 
No. of ischemic episodesI h 5.3 ?I 3.0 3.1 + 2.0 
Cumulative duration of 40 233 34k41 
ischemial24 h (min) 
Duration of ischemiakpisode 7.0 f 4.6 10.8 + 7.2 
(min) 
Maximal ST depression during 0.21 f 0.05 0.20 + 0.06 
ischemia (mV) 
Heart rate at onset of ST 9S f 16 99% 15 
depression (beatslmin) 
Ambulatory monitoring 
(ventricular arrhythmias) 
PVCs124 h 254 ? 432 279 + 324 
CoupI:.s/24 h 3.0 + 7.0 4.0 f 10 
Salvos/U h 0.3 + 0.6 0.2 5 0.5 
p values were not significantly different between group A and group B for 
all variables. PVCs = premature ventricular complexes. 
no significant difference in duration of ST depression/ 
episode (8.8 -e 15.5 versus 6.8 f 8.1 min, p = NS), 
magnitude of ST depression (0.23 -C 0.09 versus 0.20 ‘- 0.07 
mV, p = NS) and heart rate at the onset of ST depression (89 
2 21 versus 99 f 22 beats/min, respectively, p = NS). The 
percentage of silent ischemic episodes (without angina) was 
similar in those with and those without ischemia-related 
ventricular rhythmias in group A (85% versus 77%. p = 
NS) (Fig. 1). In group B patients, a total of 484 ischemic 
episodes with a similar percentage of silent episodes (80%) 
was documented. 
Circadian distribution of the ischemic episodes. Figure 3 
demonstrates he circadian distribution of the 546 ischemic 
episodes without and the 27 ischemic episodes with ventric- 
ular arrhythmias. Ischemic episodes predominantly oc- 
curred uring the morning hours between 6:00 AM and noon; 
258 (47%) of the ischemic episodes without arrhythmias nd 
16 (60%) of the ischemic episodes with ventricular arrhyth- 
mias were recorded uring this period of the day. 
SSb 
Comparison of ischemic episodes and wi&out ventric- 
t&r arrhythmias. The present study confirms previous ob- 
servations (4.5) that in ambulatory patients with stable 
coronary artery disease the incidence of ventricular rhyth- 
mias related to ischemic episodes is relatively low and 
ischemia-related life-threatening arrhythmias re rare. Al- 
though in a few patients ventricular r hythmias were asso- 
Figure 2. Samples of the ambulatory electrocardiogram showing 
complex ventricular arrhythmias during transient myocardial isch- 
emia in a 56 year old man with left main stem coronary stenosis: a, 
basal; b, ST segment depression: c, complex ventricular arrhythmia 
during ischemia: and d, after recovery. 
ciated with ischemic episodes, a causative mechanism be- 
tween ischemia and arrhythmias cannot be established from 
the observations i  the few patients. 
Angiographic data and hemodynamic data at*iest and 
during exercise t sting were not different inpatients with and 
without ischemia-related v ntricular rhythmias. In partic- 
ular, the degree of left ventricular dysfunction and the extent 
of coronary artery disease (number of coronary vessels 
involved) were similar in both groups; however, most f he 
patients in these study groups had normal or nearly normal 
left ventricular function. The occurrence of ventricular ar- 
Figure 3. Circadian distribution of 27 ischemic episodes with (solid 
bars) and 546 ischemic episodes without (open bars) ventricular 
arrhythmias. 
incidence of silent isc 
and without arrh 
ic episodes were acco 
related arrhythmias in 
remains unexplained; 
These values were quite similar to those found in our series. 
In another study, Mulcahy et al. (4) reported on 150 patients 
with stable angina pectoris of whom I3 (9%) showed ven- 
tricular arrhythmias related to ischemia during ambulatory 
EGG monitoring; all six episodes of ventricular tachycardia 
observed in this group were related to symptomatic myocar- 
dial ischemia. Banai et al. (5) found an increase in ectopic 
activity only in those patients already showing arrhythmias 
during nonischemic periods; complex arrhythmias related to 
ischemic episodes were not observed. 
Analysis of a large number of patients undergoing ambu- 
latory ECG monitoring during sudden cardiac death (I l-14) 
showed that the ST segment changes preceded t 
arrhythmias in only 10% to 15% of all cases. In the few cases 
in which ST segment changes occurred before sudden death 
(1 I ,13-Ig), the recordings were analyzed retrospectively and 
had not been pe~ormed with regard to correct registration of 
ST segment changes. Factors known to influence ST seg- 
ment changes (medication, postural changes, electrolyte 
disturbances, ventricular aneurysm, conduction abnormali- 
ties, left ventricular hypertrophy) were not excluded in these 
exercise was foun 
variation of ventricular arrhyt 
death. 
y. Our study group consists of 97 
pat a pectoris, proved coronary artery 
disease, a positive exercise test and ,t least one ischemic 
episode during ambulatory ECG mo~~toriog. 
factors known to influence the ST segment (le 
aneurysm, digitalis or a~tiarrhythmic therapy, abnormal ST 
segment during postural changes) were carefully excluded. 
These criteria caused a selection bias favoring patients with 
relatively good left ventricular function, that is, small areas 
of left ventricular wall motion abnormalities. One would 
expect that in patients with larger areas of left ventricular 
dysfunction the incidence of ventricular arrhythmias would 
be higher (26). 
Twenty-eight patients (29%) in our study received anti- 
ischemic therapy (long-acting nitrates or calcium-channel 
blockers, or both) during ambulatory ECG monitoring. This 
intervention may also have reduced the incidence of is- 
chemia-related arrhythmias; however, the percentage of 
patients undergoing therapy was similar in the groups with 
(30%) and without (29%) isc~emia-related arrhyth 
C The present study has 
lar a occur during transient 
in only a small subgroup of patients with stable angina 
pectoris; in the presence of good left ventricular function the 
incidence of ischemia-related ventricular arrhythmias is rel- 
atively low, and life-threatening arrhythmias were not ob- 
served. The occurrence of ischemia-associated arrhythmias 
was related to neither the severity of myocardial ischemia 
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during ambulatory ECG monitoring, the presence of angina1 
pain during ischemia nor the severity of coronary artery 
disease or left ventricular dysfunction. 
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